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Photometric and spectroscopic observations of three rapidly rotating 
late-type stars: EY Dra, V374 Peg and GSC 02038-00293 * 



O 
(N 



H. Korhonen 1 >**, K. Vida 2 , M. Husarik 3 , S. Mahajan 4 , D. Szczygiet 5 , and K. Olah 2 

1 European Southern Observatory, Karl-Schwarzschild Str. 2, D-85748 Garching bei Munchen, Germany 

2 Konkoly Observatory of the Hungarian Academy of Sciences, H-1525 Budapest, Hungary 

3 Astronomical Institute of the Slovak Academy of Sciences, 059 60 Tatranska Lomnica, The Slovak Republic 

4 School of Physics and Astronomy, University of Birmingham, Edgbaston, Birmingham B 15 2TT, United Kingdom 

5 Department of Astronomy, The Ohio State University, 140 W. 18th Ave., Columbus OH 43210, USA 

Received -, accepted - 
Published online - 



6 



> 

(N 
(N 

q 

o 
o 



X 



Key words stars: activity - chromospheres - starspots - individuakEY Dra individual:V374 Peg 

Here, BV(RI)c broad band photometry and intermediate resolution spectroscopy in Ha region are presented for two 
rapidly rotating late-type stars: EY Dra and V374 Peg. For a third rapid rotator, GSC 02038-00293, intermediate resolution 
Ha spectroscopy and low resolution spectroscopy are used for spectral classification and stellar parameter investigation 
of this poorly known object. The low resolution spectrum of GSC 02038-00293 clearly indicates that it is a K-type star. 
Its intermediate resolution spectrum can be best fitted with a model with T e g =4750 K and v sin i=90 km s _1 , indicating 
a very rapidly rotating mid-K star. The Ha line strength is variable, indicating changing chromospheric emission on 
GSC 02038-00293. In the case of EY Dra and V374 Peg, the stellar activity in the photosphere is investigated from the 
photometric observations, and in the chromosphere from the Ha line. The enhanced chromospheric emission in EY Dra 
correlates well with the location of the photospheric active regions, indicating that these features are spatially collocated. 
Hints of this behaviour are also seen in V374 Peg, but it cannot be confirmed from the current data. The photospheric 
activity patterns in EY Dra are stable during one observing run lasting several nights, whereas in V374 Peg large night-to- 
night variations are seen. Two large flares, one in the Ha observations and one from the broadband photometry, and twelve 
smaller ones were detected in V374 Peg during the observations spanning nine nights. The energy of the photometrically 
detected largest flare is estimated to be 4.25 x 10 31 — 4.3 x 10 32 ergs, depending on the waveband. Comparing the activity 
patterns in these two stars, which are just below and above the mass limit of full convection, is crucial for understanding 
dynamo operation in stars with different internal structures. 

© 2006 WILEY- VCH Verlag GmbH & Co. KGaA, Weinheim 



1 Introduction 

Among low-mass stars, the limit of full convection plays 
an important role. On the two sides of this limit stars are 
thought to host different kind of dynamos: according to the- 
ories, stars above ~0.35 M© have radiative core and a con- 
vective envelope (Chabrier & Baraffe [T997l l. and create their 
magnetic field with an afi-dynamo (e.g., Parker 1955, Bab- 
cock [1961] Leighton 1 19691 1, similarly to the Sun. Stars be- 
low this limit are fully convective, and are found to be rotat- 
ing almost as rigid bodies (Barnes et al. 2005 ). 

Theoretical studies of Kiiker & Rudiger (2005) and Cha- 
brier & Kiiker (2006) show, that fully convective stars rotat- 
ing as solid bodies can produce large-scale, non-axisymmet- 
ric fields using a 2 -dynamo. But Dobler, Stix & Branden- 
burg (2006) suggest that, these stars can develop axisym- 
metric poloidal magnetic fields, given that they have strong 
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differential rotation. Regardless of their interior structure, 
both types show signs of activity (see, e.g., Delfosse et al. 
[19981 . 

In this paper we present observations of three rapidly 
rotating stars: EY Dra, V374 Peg and GSC 02038-00293. It 
is especially intriguing to compare the observations of fully 
convective V374 Peg and EY Dra which has a small radia- 
tive core. 

V374 Peg (RA 22 01 13.11, dec +28 18 24.9, V=l 1.89 
mag) is a fully convective M4 dwarf with a mass of 0.28 M© 
(Delfosse et al. 2000), whose observed properties can ques- 
tion the existing dynamo theories. The unusual activity of 
the star has been observed by Greimel & Robb (1998) and 
Batyrshinova & Ibragimov (2001), who reported frequent 
and intense flares on the object. Using spectropolarimet- 
ric methods Donati et al. ( 120061 1 and Morin et al. d2008at 
showed that V374 Peg is rotating almost as a rigid body, but 
at the same time has a stable, axisymmetric poloidal mag- 
netic field contradicting the theoretical models. 

EY Dra (RA 18 16 16.05, dec +54 10 16.0, V=11.83 
mag) is a well-studied rapidly rotating dMl-2e star (Jef- 
fries, James, & Bromage |19941 l. Its mass, ^0.49 M Q (ac- 
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cording to Eibe 1998), implies that the star probably has a 
radiative core and convective outer envelope. Eibe (1998) 
published Ha observations, and explained them with plages 
and co-rotating prominence clouds above the surface. Using 
Doppler images, Barnes & Collier Cameron (2001 ) showed 
that EY Dra has spots at all latitudes. They also detected dif- 
ferential rotation with a shear of Ail = 0.0608, assuming 
a solar-type differential rotation: fl(9) = H, — AQ sin (0). 
Korhonen et al. ( 120071 ) presented photometric observations 
in V and R filters, together with optical and near-infrared 
spectroscopy, and showed a possible association of pho- 
tospheric starspots and chromospheric plages. Vida (2007) 
and Vida et al. (2010) showed evidence for spot evolution on 
the stellar surface using ^1000-day-long photometric data, 
and an activity cycle with a period of ^350 days. Signs of 
a possible flip-flop mechanism is also found, which might 
give indication of the type of the underlying dynamo mech- 
anism producing the observed stellar activity (see, e.g., El- 
stner & Korhonen |2005l ). 

GSC 02038-00293 (RA 16 02 48.229, dec +25 20 38.20, 
V=10.62 mag) is a very little studied star that was originally 
discovered during a programme identifying optical counter 
parts of ROS AT X-ray sources by Bernhard & Frank ( |2006b . 
In the same paper photometric observations for 2005-2006 
were presented together with older ROTSE data. Accord- 
ing to these observations GSC 02038-00293 is an eclips- 
ing RS CVn type binary with the orbital period of 0.495410 
days. This value is similar to the one given by the Super- 
WASP observations (Norton et al. 2007), and is confirmed 
by the 2007 data (Frank & Bernhard [2007b . These investi- 
gations also show that the starspot locations are stable over 
long time periods, but that the exact shape of the light-curve 
changes on a time scale of weeks. Also, hints of a 6-8 year 
long activity cycle are seen (Bernhard & Frank 2006). The 
spectral type of GSC 02038-00293 is determined to be K 
from low resolution spectra (Dragomir, Roy & Rutledge 
12007b . 

In this paper spectroscopic and photometric observa- 
tions of these three stars are presented. For GSC 02038- 
00293 the low and intermediate resolution spectra are used 
to study the stellar parameters of this poorly known sys- 
tem. For EY Dra and V374 Peg the photospheric activity 
patterns are deduced from broadband photometry and the 
chromospheric activity is studied using intermediate resolu- 
tion observations of Ha line. The activity seen at these dif- 
ferent levels of the stellar atmosphere is correlated, and the 
activity patterns in fully convective V374 Peg and EY Dra, 
which still has a small radiative core, are compared. 

2 Observations 

Medium resolution spectroscopy in the Ha region was ob- 
tained at the 2.6-m Nordic Optical Telescope (NOT) us- 
ing Andalucia Faint Object Spectrograph and Camera (AL- 
FOSC) and the Intermediate Dispersion Spectrograph (IDS) 
at the 2.5-m Isaac Newton Telescope (INT) of the Isaac 



Newton Group of Telescopes. Both the telescopes are lo- 
cated in the Observatorio del Roque de los Muchachos of 
the Instituto de Astrofisica de Canarias, on La Palma, Spain. 
Broadband photometry of EY Dra and V374 Peg was ob- 
tained with the 1 -m RCC telescope in Piszkesteto mountain 
station of the Hungarian Konkoly Observatory and the 0.6- 
m telescope of the Konkoly Observatory at Svabhegy, Bu- 
dapest. All the observations of EY Dra were phased using 
the ephemeris: 



HJD = 2453588.16582+ d 4587 x E 



(1) 



(used by Vida et al. 2010), the V374 Peg observations with 

HJD = 2453601.78613 + d 4456 x E (2) 

(from Morin et al. l2008ab . and the GSC 02038-00293 data 
using 

HJD = 2453560.491 + d 495410 x E (3) 

(from Bernhard & Frank 2006; Frank & Bernhard 2007). 



2.1 Spectroscopy 

The ALFOSC observations of EY Dra and V374 Peg were 
obtained using grism#17, and a 0.5 arcsec slit during the 
nights starting 2008 June 24 and June 28. With this instru- 
ment configuration a resolving power A/AA of 10,000 and 
the wavelength coverage of 6335-6860 A is obtained. The 
detector which is an E2 V Technologies 2k back-illuminated 
CCD with 13.5/im pixels shows a strong fringing pattern in 
the spectrum, which is visible redwards of ~6400 A. To re- 
move the fringing pattern, observations were made in sets of 
five exposures with moving the target along the slit between 
consecutive exposures. After every five object exposures, a 
Halogen flat field and a Neon arc spectrum were obtained. 
In the analysis only the combined spectra are used. 

During the night starting 2008 June 24, observations of 
GSC 02038-00293 were also obtained with ALFOSC using 
the same setup and observing strategy as for EY Dra and 
V374 Peg, and during the night starting 2008 June 28 using 
grism#4 and a 1.3 arcsec slit. The latter instrument configu- 
ration gives spectral coverage 3200-9100 A and a resolving 
power of ^700, but with a fringing pattern that gets pro- 
gressively worse redwards of 6700 A. Observations of the 
spectrophotometric standard HD 338808 were also obtained 
with the same instrument settings. A detailed observing log 
for the intermediate resolution observations of GSC 02038- 
0029 is given in Table [T] 

The IDS on INT was only used to observe EY Dra and 
V374 Peg during the night starting 2008 June 26. Grating 
HI 800V centred at 6600 A was used together with a slit 
width of 1 .4 arcsec, this combination gives spectral cover- 
age of 6280-6962 A and resolving power of 10,000. 

All the observations were reduced using Image Reduc- 
tion and Analysis Facility (IRAF) which is distributed by 
KPNO/NOAO. 
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Fig. 2 The V374 Peg V magnitudes plotted against Julian date. 



Table 1 Details of the intermediate resolution spectro- 
scopic observations of GSC 02038-00293 obtained on the 
night starting 2008 June 24. The UT time at the mid point of 
the observations, heliocentric Julian date, rotational phase 
using Eq. [3] and the number of observations combined to- 
gether for each phase. The exposure time for each individual 
observation is 20 seconds, thus giving total exposure time 
for each phase of 100 or 80 seconds. 



UT 


HJD 


phase 


No of 


midpoint 


2454600+ 




spectra 


21:51:58 


42.409550 


0.8852 


5 


22:18:16 


42.427811 


0.9220 


5 


22:42:29 


42.444633 


0.9560 


5 
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0.0362 
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The EY Dra V magnitudes plotted against Julian 



2.2 Photometry 



In addition to the spectroscopy photometric observations in 
B, V, Re and /^-bands are presented for EY Dra (pub- 
lished also in Vida et al. 2010) and V374 Peg. The photom- 
etry of EY Dra was obtained with the 0.6-m telescope. The 
telescope is equipped with a Wright Instruments 750 x 1100 
CCD. The F-band instrumental magnitudes plotted against 
Julian date in Fig. Q] show measurements from two observ- 
ing runs before and after the spectroscopic observations: 
five nights between JDs 2454615-2454622 (2008 May 29- 
June 3) and four between JDs 2454695-2454699 (2008 Au- 
gust 16-20). For observing V374 Peg the 1-m RCC tele- 
scope with a Princeton 1300 x 1300 CCD was used. The 
light-curve in Fig. [2] was obtained from observations taken 
over six nights between JDs 2454679-2454686 (2008 July 
21 -August 7). 



3 Results 

3.1 Photospheric spots from the broad band 
photometry 

As is seen in the Fig. Q] the photometry of EY Dra shows 
clear variability. If these observations are phased using the 
ephemeris given in Eq. [T]a broad minimum around phases 
0.4-0.9 is seen (Fig. g] left panel). 

To investigate the longitudinal spojj configuation in de- 
tail light-curve inversion techniques (see, e.g., Olah et al. 
2006) were used to produce a map of the stellar surface 
showing the fraction of each pixel covered by spots. This 
so-called spot-filling factor map shows a detailed longitu- 
dinal spot distribution, and in some cases, reveals the ex- 
istence of close-by spots that would not otherwise be sep- 
arable (Savanov & Strassmeier 2008). But due to the one 



1 Note that throughout the paper term spot does not strictly mean one 
sunspot-like structure, but can also be an active region consisting of several 
individual spots. There is no way to distinguish between these cases from 
light-curves 



www.an-journal.org 



© 2006 WILEY-VCH Verkg GmbH & Co. KGaA, Weinheim 



792 



Korhonen et al.: Photometric and spectroscopic observations of late type stars 



JD=2454615-2454699 
-1 .35 r 



EY Dra 




-1.23 , , 

0.0 0.2 0.4 0.6 0.8 1.0 

Phase 



90 

45 



-45 

-90 



2.2 




90 180 270 360 
Longitude 



Fig. 3 Phased light-curve of EY Dra. Left: V magnitudes 
plotted against the phase. Right: spot-filling factor map from 
the light-curve inversion. Darker colour indicates a larger 
filling-factor value. 
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Fig. 4 The same as Fig. [3] but now for V374 Peg. Due 
to the fast variability in the light-curve only data from two 
nights have been used (nights starting 2008 August 1 and 
August 2). 



dimensional nature of the light-curve, no latitudinal spot in- 
formation can be obtained from these maps. The resulting 
spot-filling factor map for EY Dra can be seen in the right 
panel of Fig. [3] The following parameters were used in the 
inversion: inclination 66° (Robb & Cardinal |l9951 l. unspot- 
ted surface temperature 4000 K (adopted from 3900 K de- 
termined by Barnes & Collier Cameron 2001), temperature 
of spots 3000 K (based on the typical difference between 
the spot and unspotted surface temperatures in active stars) 
and limb-darkening coefficient of 0.81 (Al-Naimvi 119781 ). 
The map shows primary spot at phase 0.8 (longitude 290°) 
and an extended secondary spot structure concentrated on 
phase 0.48 (longitude 170°). This result is similar to the one 
shown in Korhonen et al. (120071 1 and Vida et al. (1201 Oi l. In 
both cases two active regions on the surface were seen with 
separation of 0.3-0.5 in phase (110-180°). 

The V^-band light-curve of V374 Peg for two consec- 
utive nights is presented in the left panel of Fig. @] The 
data were phased using ephemeris from Eq. |2] The light- 
curve minimum occurs at phases 0.3-0.6 (longitude 110- 
215°). The exact shape of the minimum changes rapidly 
from night-to-night (also see discussion in Section l4~2l i. Due 
to this fast variability, and incomplete phase coverage dur- 
ing a single night, spot-filling factor map for V374 Peg is 
only obtained from observations spanning two consecutive 
nights during which the behaviour of the light-curve is sim- 
ilar and stable (JD 2454680.342-2454681.573). Unfortu- 
nately this still leaves a gap of 0.2 in phase centred around 
the phase 0.3 (longitude 1 10°). The parameters adopted for 
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Fig. 5 The Ha line profiles, a) All the Ha lines of EY Dra 
plotted into the same figure to show the changes in the 
strength of the line, b) The same as a) but for V374 Peg. 
Note that the flux scales are different. 



the light-curve inversion are the same as for EY Dra, ex- 
cept the inclination which is 70° (Donati et al. 2006). Due 
to the relatively large gap the solution of the light-curve in- 
version is not stable around these phases. But even then, 
it is clear from the spot-filling factor map presented in the 
right panel of Fig. [4] that the spots on V374 Peg concen- 
trate at the phase range 0.9-0.6 (longitude 320-215°), and 
that the main spot is centred at phase 0.50 (longitude 180°). 
A secondary spot is also clearly seen centred at phase 0.94 
(longitude 340°), but the shape and extent of the other sec- 
ondary spot seen centred at phase 0.21 (longitude 75°) can- 
not be determined accurately due to the missing data. It is 
also plausible that the two secondary spots form one large 
active region, and not two separate ones. 



3.2 Ha line variability 

In EY Dra the Ha line is an emission line that shows clear 
variability, as is also shown in the Fig. [5] The earlier studies 
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Fig. 8 The five separate exposures of GSC 02038-00293 

in the Ha region, from the night starting 2008 June 24. The 
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have shown prominences and cool clouds in the chromo- 
sphere (see, e.g., Eibe 1998). Also, in V374 Peg the Ha line 
is in emission and variable, as shown in the right panel of 
Fig. The Ha variability is investigated in detail in Sec- 
tion |4J2] and compared to the behaviour of the photospheric 
spots. 

3.3 GSC 02038-00293 

The low resolution spectrum of GSC 02038-00293 which is 
shown in Fig. [6] was used for spectral classification of this 
target. The main spectral features seen are neutral metals, 
like Mg and Na. Weak Balmer lines are also present, but 
no clear molecular bands are detected. All these features 
indicate a K-type star, as was also deduced by Dragomir, 
Roy & Rutledge (2007) from earlier low resolution spectra. 

The intermediate resolution spectrum of GSC 02038- 
00293 in the Ha region, after combining the five individ- 
ual observations, is shown in Fig. [7^. As can be seen, the 
spectral lines are very broad and Ha itself is a very weak 
absorption line. Synthetic stellar spectra were calculated us- 
ing SPECTRUM code (Gray & Corbal ly [T994T > and Ku- 
rucz model atmospheres (Kurucz |19931 l. For the calcula- 
tions logg = 4.5 was adopted. The best fit to the observed 
spectrum was obtained for T c ff = 4750 ± 250 K, micro- 
turbulence velocity £ = 1.5 kms -1 , and v sini = 90 ± 
10kms^ 1 (see Fig.|7J)). Due to the low resolution and poor 
signal-to-noise ratio, the errors in these parameters are quite 
large. Using the v sini measured in this work and the ro- 
tation period of 0.495410 days (Bernhard & Frank I2006J I. 
the estimated radius of GSC 02038-00293 is R x sini = 
0.88 ± O.IORq, implying spectral type of late-G or later. 

The comparison of the averaged Ha line spectrum to the 
model shows that this line in GSC 02038-00293 is clearly 
weaker than expected at this temperature and log g. This 
could be explained by magnetic activity in which the chro- 
mospheric activity is partly filling in the line core. The five 



individual exposures of the GSC 02038-00293 Ha region 
show clear time variability, as seen from Fig. [8] The first 
exposure shows clear and strong absorption line. With time, 
the line gets progressively shallower, thus explaining the 
weak Ha line seen when combining all the observations to 
a better signal-to-noise spectrum (shown in Fig. |7J. This 
implies variable chromospheric emission in GSC 02038- 
00293. The hypothesis is further strengthened by the re- 
ported prominent Ca H&K emission cores observed in GSC 
02038-00293 (Dragomir, Roy & Rutledge [2007]) 

It is worth noting that the line-profiles of GSC 02038- 
00293 are slightly triangular. This could imply a secondary 
component in this system which may affect the spectral line 
profiles. Since this system is thought to be a RS CVn-type 
binary (Bernhard & Frank [20061 Frank & Bernhard I201J71 
Eker et al. 2008 ), it is not unlikely that there is a spectro- 
scopically detectable companion. But, observations at other 
epochs are needed to confirm this hypothesis. Also, if the 
system is a spectroscopic binary, and the secondary during 
these observations was in such an orbital phase that its spec- 
tral lines are superimposed with the primary lines, the stel- 
lar parameters determined here (effective temperature and 
vsin i) would also be affected by the secondary. 

4 Discussion 

4.1 Flares 

On JD2454685 (2008 August 6) an energetic flare was ob- 
served on V374 Peg (see Fig.[9]l. This event lasted ^1 hour, 
and could be observed in all the filters, BV(RI)c- The peak 
of the flare happened after a B exposure, so in this filter 
only the declining phase was detected. For estimating the 
energy of the flare the method described by Kovari et al. 
(2007) was applied. Instrumental magnitudes were used for 
calculations, since the interpolation needed for transform- 
ing to the international system would blur the fast changes 
in the light-curve. The resulting energies are 2.04 x 10 32 , 
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Fig. 7 The intermediate resolution spectrum of GSC 02038-00293. a) The whole spectrum obtained with grism#17. 
b) Smaller region of the same spectrum (solid line) together with a model (dotted line) calculated using T c ff=4750 K, 
log 5=4.5, microturbulence velocity 1.5 kms -1 , and vsini=90kms _1 . 



3.00 x 10 32 , 4.30 x 10 32 , and 4.25 x 10 31 ergs in B, V, 
Re, and Ic filters, respectively. As can be seen in Fig. [9] 
additional smaller flares occur before and after this major 
event. 

Another flare in V374 Peg is detected in Ha around 
phase 0.2 in the observations from the night starting 2008 
June 26. This flare can be seen in the equivalent width mea- 
surements shown in Fig. [T2b . Unfortunately, only the end 
stages of the flare are recorded. Thus, no information on the 
strength and the length of the flare can be given. 

Besides these two energetic flares, twelve smaller events 
can be seen in the photometric data on the last three nights. 
In Fig.[l0]the flares in B band light-curves for the last three 
observing nights are shown. Most flares seem to erupt in the 
phases 0.9-0.3. The observed Ha flare also occurs at the 
same phase range. Though, smaller events can happen at all 
phases. The night-to-night light-curve changes and the con- 
tinuous flaring are clearly related showing the very active 
nature of this star. 



4.2 Correlating photospheric and chromospheric 
activity 

The photometric observations of EY Dra are not taken at the 
same time as the spectroscopic ones, but the observations 
obtained ~25 days before the spectroscopy show the same 
light-curve shape as the photometry obtained ^55 days after 



the spectroscopic observations. Therefore, the observations 
from different epochs can be compared. 

The phased light-curve of EY Dra is shown in Fig. [TTb 
together with the equivalent widths measured from the Ha 
line profiles (Fig.fTTb). and the phased colour index curves 
of EY Dra in B-V (Fig. CD]:) and V-I (Fig. [IB)- The B-V 
is practically flat except for a small increase at phases 0.1- 
0.3. Just like the F-band light-curve, V-I curve also indi- 
cates two cool spots around 0.4 and 0.8 phases (see Fig. [3). 

The comparison clearly shows that at the phases of the 
photospheric spots, more emission is seen in the chromo- 
sphere. This configuration implies that the chromospheric 
plages on EY Dra concentrate at the locations of photo- 
spheric spots, as is also the case for Sun. It is only recently 
that this behaviour has been observed in several active stars, 
e.g., RS CVn-type binaries A And and II Peg (Frasca et 
al. |2008a). rapidly-rotating Kl -dwarf LQ Hya (Frasca et 
al. [2008b), T Tauri-type star TWA 6 (Skelly et al. ,20081 and 
for a young, late-type star, SAO 51891 (Biazzo et al. 12009) . 

Also, for V374 Peg the spectroscopic and photometric 
observations are not contemporaneous, but the spectra have 
been obtained ^40 days before the photometric observa- 
tions. It has been shown elsewhere (e.g., Morin et al. 2008a) 
that the active regions in V374 Peg do not change quickly. 
Hence, the photometry and spectroscopy can be compared. 

In Fig. [12] the V-band light-curve (Fig. [T2h). equiva- 
lent widths measured from Ha (Fig. \\2h). and the B-V 
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Fig. 9 Flares seen in V374 Peg from the photometric ob- 
servations of the night starting 2008 August 6. The light- 
curves have been shifted arbitrarily. The light-curves show 
instrumental values (see text). 
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Fig. 10 The phased B light-curves from Julian dates 
2454682-2454685. The light-curves from different nights 
have been shifted, to show better the behaviour. Twelve 
small flares are seen in these data around phases 0.9-0.3. 
The plot shows light-curves with instrumental magnitudes. 
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Fig. 11 The comparison of the photospheric and chromo- 
spheric activity in EY Dra. a) The V magnitudes plotted 
against the rotational phase. Filled and empty circles show 
observations from different epochs (see Fig.Q]) b) The Ha 
equivalent widths plotted against rotational phase. Different 
symbols denote observations from different nights. Trian- 
gles and boxes show NOT observations from June 24 and 
June 28, respectively, crosses mark the INT data from June 
26. c) The B-V colours plotted against the phase. The larger 
symbols are an average of typically five individual observa- 
tions obtained close in time, d) Same as c) but for V-I. 



phases 0.9-0.3 the B-V colour index shows high scatter be- 
cause of the flares concentrating in this part of the light- 
curve (see Fig. [Tot. The V-I on the other hand again clearly 
shows the locations of the main cool spots in the photo- 
sphere around phase 0.5. 



(Fig. fT2b ) and V-I (Fig. fT2B ) colours are shown. The V- 
band observations are plotted with different symbols for the 
observations from different nights. Very rapid night-to-night 
variations are seen in the shape of the minimum around 
phases 0.3-0.6. Also, changes in the maximum around the 
phase 0.8 are seen during the observations spanning seven 
nights. As for EY Dra, the B-V colour of V374 Peg is ba- 
sically flat and does not show marked variability. Between 



The comparison of the chromospheric and photospheric 
activity in V374 Peg does not show as clear a picture as in 
the case of EY Dra. As can be seen from Fig.[T2]a slight in- 
crease in the chromospheric emission is seen at the phases 
of the photospheric spots. But, this increase is very weak, 
and the Ha observations do not cover the phases of the main 
active region, thus making it impossible to draw clear con- 
clusions on the possible correlation. 
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Fig. 12 The same as Fig.[TT] but now for V374 Peg. Panel 
a) show different nights with different symbols and colours 
(see Fig.|2]i. 

4.3 Comparison of activity patterns in EY Dra and 
V374 Peg 

EY Dra and V374 Peg are both M dwarfs, but on differ- 
ent sides of the mass limit for full convection. EY Dra still 
has a small radiative core, whereas V374 Peg is fully con- 
vective. This change in the interior structure of a star plays 
an important role in the dynamo operation. Thus, it is very 
interesting to compare the activity seen in these two stars. 

The spot configuration in EY Dra shows two active re- 
gions, a configuration that has been reported also in earlier 
papers (see, e.g., Korhonen et al. 2007; Vida et al. 1201 Oi l. 
The light-curve changes on long time scale (a 350 day long 
activity cycle has been reported by Vida et al. 2010), but 
is stable from night-to-night throughout more than 80 days 
(i.e., >160 rotations) of our observations (see Fig. Q] and 
Fig. [3}. In V374 Peg the overall activity seems to stay stably 
at the same location for a long time (Morin et al. 2008a), but 
the night-to-night variability shown here in the photometric 
observations from six nights is large. This implies that in 
V374 Peg fast rearrangement of spots occurs, but the ac- 
tive longitude itself stays at the same location on the stellar 
surface. 

In EY Dra clear correlation between the photospheric 
spots, and chromospheric emission is seen: enhanced emis- 
sion occurs at the phase of the spots. In V374 Peg hints of 



similar correlation are seen, but unfortunately there are not 
enough chromospheric data from the phases of photospheric 
spots to confirm this behaviour. 

Both of the stars show flaring activity. During the 12 
nights of observations presented here no flares were seen in 
EY Dra, but several were reported in the long-term monitor- 
ing by Vida et al. (120 1 Oi l. In V374 Peg the current data ob- 
tained during nine nights, shows two large flares: one seen 
in the photometric observations, and another in the Ha line. 
In addition, twelve smaller flares are detected in the broad- 
band photometry. This implies that flares in V374 Peg are 
numerous, and occur more frequently than in EY Dra. 

The spectropolarimetric observations of M dwarfs show 
different magnetic configurations for fully convective and 
not fully convective stars. Donati et al. (2008) show that 
early M dwarfs, which still have a small radiative core, show 
predominantly toroidal and non-axisymmetric poloidal con- 
figurations, and have strong surface differential rotation. In 
the sample of Donati et al. (2008) only the lowest mass 
early M dwarf showed dominantly axisymmetric poloidal 
fields, as is seen for the mid-M dwarfs which have masses 
close to full convection limit (Morin et al. 2008b). Also, 
the early M dwarfs show long-term variability (Donati et al. 
2008) whereas the mid-M dwarfs exhibit stable active re- 
gion configurations (Morin et al. 2008b). The observations 
presented here seem to agree with this picture. But the fully 
convective stars, which do not generally seem to show long- 
term changes in their spot configurations, can still show fast 
short-term changes as is seen in V374 Peg. This implies that 
even if the active region is stable for a long time, the exact 
spot configuration within the active region itself changes on 
short time scales. 

5 Conclusions 

From the broad band photometry and intermediate resolu- 
tion spectroscopy in the Ha region the following conclu- 
sions can be drawn: 

- The low resolution spectrum shows that GSC 02038- 
00293 is a K-type star. The obtained effective temper- 
ature of 4750 ± 250 K, based on the intermediate reso- 
lution spectra, agree with the mid-K spectral type. 

- GSC 02038-00293 has v sini = 90 ± lOkms" 1 . 

- Time variability is observed in the strength of the Ha 
line in GSC 02038-00293, indicating that this star is 
chromospherically active. 

- Active regions on EY Dra are centred at phases 0.48 and 
0.80 in 2008 June-August. 

- Photospheric spots in V374 Peg occur at phases 0.3-0.6. 

- Very strong night-to-night variation in the exact shape of 
the light-curve minimum is seen in V374 Peg. This be- 
haviour implies that even if the activity is stably located 
at certain region of the star the exact spot configuration 
within the active region changes rapidly. 

- Two large flares, one detected in the broadband photom- 
etry and one in Ha observations, are seen on V374 Peg 
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during the nine nights the data presented here cover. In 
addition twelve smaller flares are seen in the photomet- 
ric observations. 
- The enhanced chromospheric emission in EY Dra oc- 
curs at the same phases as the photospheric spots, in- 
dicating plages collocated with the starspots, as is also 
observed in the Sun. V374 Peg also shows some hints of 
this behaviour but from the data presented here no firm 
conclusions can be drawn for this issue. 
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